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THE IDENTIFICATION OF ROCK TYPES IN AN
ARID REGION BY AIR PHOTO PATTERNS

INTRODUCTION

Photo patterns useful for separating rock types by origin, i.e. igneous, sedimen-
tary. or metamorphic, have been identified in previous work in air photo analysis.*
In published works, photo patterns are presented in two ways:

(1) as partial lists of characteristics defining a particular rock type. or
12) as applications of photo analysis methods, usually in narrative form,
to the rocks in a specified area.

Most of these sources discuss photo patterns and rock type identification criteria in
the second manner, Although published rock type identification criteria may be valid
for a particular site, their applicability to other geographic and/or climatic regions has
not been determined.

In generall sedimentary rocks are the casiest to identity on acrial photography
because stratification layering) trequently shows as continuous banding patterns.
Separation of sedimentary rocks by type is also relatively casy. in part because much
work has been done and identitication criteria are numerous. lgneous rocks can also be
wdentitied relatively easily because they are highly variable in photo pattern. This is to
be expected. because they are highly variable in composition and form. However. it is
more difficult to identity spectfic igneous rock types than specific sedimentary rock
tvpes on sterco acrial photography because only the more obvious identification
criteria have been used as indicators, Tencous rocks can be identified by type because
of the strong relationship between photo tones and rock color and composition. In the
published literature, typical air photo patterns are presented tfor some igneous and
sedimentary rocksdincluding basalt, granite. shale, sandstone. and limestone.

Metamorphic rocks are the most ditficult to identify and separate. and as yet

e no photo patterns have been recognized that enable geologists to deduce the com-
) position of metamorphic rocks on acrtal photography. Metamorphic rocks tend to
retain characteristics ot the parent rock. such as layering if they were sedimentary.

g and this can lead 1o confusion in acrial photographic interpretation. In addition. sharp
k- boundaries between metamorphic rock types are usually absent. Some metamorphic E >
) rock photo patterns have been presented in the literature by Belcher, et al. and von

: Bandat and i Wilitary Geology on the basis of structure/ texture. ice. gneiss, schist, or
.Y
Ll
¢ ol See reterenges for a listing of published work concerning air photo analysis of rock types.
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state.! Identification criteria have also been suggested by von Bandat tor such rocks as
serpentine and marble.?

I'he prior incomplete treatment of rock type identification criteria, together
with questions as to their accuracy and universality, provided the basis tor this study.
Many of these rock type identification criteria. although characteristic of the rock
as studied in the field or in a hand specimen, cannot be seen on vertical aerial photo-
graphy, whercas other patterns or criteria as described in the literature are found to
be severly restricted when caretully analyzed. For instance, many photo patterns
are restricted by climate, and this fact has been inadequately considered in the pub-
lished literature. In addition, BFTL  rescarch over the vears casts doubts, or at feast
places restrictions, on some well-publicized criteria. Thus, the objectives of this study
were to test and evaluate existing criteria to identify rock types on aerial photography
in an arid environment and to develop new criteria. The usetulness and accuracy of
recognized criteria were evaluated by using them to identity rock types on aerial
Fort Bliss arca contains all three Kinds of rocks, it was selected as a rescarch area
where rock type identification criteria can be developed. tested, and evaluated (figures
D oand 20*

Sorrg te
NEW MEXICO

Study Areo
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oy FIGURE 1. Location of the
e . N \ .
“% ot auss FFort Bliss, Texas/New Mexico
ew MERCO o Research Arca,,Which Encompasses
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Yoo BAlcher. et al Iencous and Metimorphie Rocks: Military Geology,  and - Horst o ovon Bandat,
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Scale: Reduced from 1:100.000 to 1:620.000
FIGURE 2. ‘The Locations of Places in the Fort Bliss Arca Discussed
in the Text.
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PROCEDURES
The photo analysis was done on Defense Mapping Agency  1:100.000 scale,
9- by Y-nch stercoscopic panchromatic aerial photography. flown by Mark Hurd
m 1973, ussembled ax an uncontrolled photomosaic. The study arca was fuid as one
photo mosaic. facilitating correlations between widely separated arcas. The photo
analysis was done oxclusively by detailed sterco study. Supplementury ULS. Air Foree
.
9- by Y-inch  panchromatic stercoscopic acrial photography. at a scale of 1:50.000
(AL 69 = 35,1909 und A 71 = 10, 1971 was occasionally used 1o resolve pro-
blems related 1o scale.
_ The photo analysis procedures used in this study were developed by Robert
, . Frost.3 The procedures involve detailed stereoscopic analysis of photo patterns

so that the varous components or pattern clements of the landscape = landtorm,
drainage. crosion, deposition, vegetation, photo tones. photo textures. culture, and
special teatures = can be detined. This method of analysis has been applied previously
on regional and ocal seakes to identity rock types inoan arid environment.t In this
prosent study. ong. landtor, drainage  (plan, and gradient and cross section). photo

- tones. and photo textures were considered. Special featares such as jointing and dip
and strike reiationships were included under landform.

Becaase rock type cannot be observed directly on aerial photography. it must
be derived inferentially from analvses of the above pattern elements. Drainage and
Llndtorm are the most important because certain rocks or combinations of rocks
produce characterstic ndform and  drainage  patterns. For example, interbedded
sedimentary rocks olten produce stairstep topography. and discontinuous drainage
oassoctatrd with imestone. Inaddition. photo tones are related to rock color and
composition: for example. basalt, a dark gray to black rock. is formed of dark-colored
minerals, and ity photo tone runges from dark gray to black. The term photo texture
refers to the surtuce of the rock as it appears on the stercoscopic aerial photography.
Photo testures are related to crodability. which is in part a function of grain size and
nardness. A fine-grained rock, tor example. will have a smooth. velvety, soft photo
testure.

u"”t’ _,#"“ i‘

2 .

i~ Reverr b brosts enal, Photo Interpretation of Soils and Rocks. 1953,
bl .
(] s
. "_h,\h Ehlen. Photeo Sualvsis ot u Desert Area, 1976, \i
2

|

i

s e g

'z X A taee




T LS

o

Analysis of these pattern clements provides clues to rock type, and when com-
bined and compared to rock type identification criteria, the clues become the basis
tor predicting rock types. Table 1 shows rock type identification criteria by the
pattern clements of landform, drainage, photo tone, and photo texture. Published
criteria are shown in this type and newly-developed criteria, in italics.

Gueologic structure, such as joints, faults, and dips and strikes, also play a role
in rock type analysis, because changes in structure can change landform and drainage
patterns. for instance, in an arid environment, steeply-dipping limestones are much
more angular and rugged in appearence than gently-dipping limestones. Consequently,
understanding structural changes is necessary to identify and correlate the various
lithologies in an area.

In this study. cach lithologic unit identitied on the photography was analyzed
to determine its origin, i.e. igneous. sedimentary, or metamorphic. Bedrock was sep-
arated into two groups - layered and non-layered. Layering is most typical of sedi-
mentary rocks. The layvers or beds, normally continuous horizontally, result from
sequential deposition of materials of different compositions. Although sequential lava
tTows Gigneous rocks) do torm lavers, this layering can be differentiated from sedimen-
tary bedding on aerial photography by the darker tone of the lava, by the rougher
photo texture of the lava. and by the different drainage and crosional characteristics of
the materials. Layernmmg in metamorphic rocks, seen on aerial photography. is usually
“remnant.” e a mildly metamorphosed sedimentary rock retains its layvered/bedded
structure. Differentiation between  “remnant™  layering and sedimentary bedding is
ditticult, and additional photo characteristics of either sedimentary or metamorphic
origin must be identified to difterentiate between them. For instance, landforms in
sedimentary rochs are controlled by the bedding, whereas  “remnant” layering in
metamorphic rocks exerts no control on landtorm. In general, however, rock units that
exhibit layering on acrial photography are most likely sedimentary rocks.

T'he layered rocks were separated into lithologic units bascd on lavering pat-
terns, difterences in overall photo tone. slope, resistance to crosion, and ridge crest
characteristics. The vertical relationship or stratigraphic position of sedimentary rocks
generally represents the sequence in which they were deposited, thus the lowest unit
is usually the oldest and the highest unit is the youngest. The convention of describing
sedimentary units beginning with the oldest (lowest) is followed here.




The non-layered rocks. cither igneous or metamorphic in origin. are irregular
i outline and usually exhibit a rougher photo texture than laycred rocks. In the
Fort Bliss arca, the non-layered rocks consistently interrupt the continuity of sedimen-
tary bedding. which suggests they are igneous in origin. Subdivision of the non-layered
rocks was difficult because of their variation and the limited areal extent of most of
the units. They are separated into individual units on the basis of photo tone: photo
texture: ridge crest characteristics: and the prevalence, degree, and type of jointing.

Most of the lithologic units identitied on the photography were visited in the
ficld i at least one location. However, in the Organ Mountains, ficld checking was
not possible because of military restrictions. Also. some units in the Hueco. Sacra-
mento. and Jarilla Mountaing were not visited because of difficult access.

After the photo analysis and field work were campleted. the lithologic units
identiticd on the acrial photography  were compared to pubhished geological data.
This contirmed the locations of contacts and. in addition. provided mmtformation on
the composition of rock units not visited in the field. The criteria used to identity
the various fithologies in the study arca were evaluated as to their usefulness and
accurnaey. and new criteria were then detined.

RESULTS

Sinvteen lithologic wmts were identified on the acrial photogriphy. Ten of
these utnts are knvered  (umits L1 through L HO)L and six are non-fayered (units
N1 throush N6y The ithologic units are shown i figure 3. Fach of the lithologic
anits was evaluated i terms ot its characteristic bindform and drainage patterns (plan,
and gradient and cross sectiont. and is photo tone and photo texture. A summary of
the charactenistios for cach lithologic unit is presented in table 20 and descriptions and
Mustrations of the units are in the appendix. Analysis of photo pattern efements
provided the basis tor rock type predictions. Twelve of the 16 units were visited in the
fickd i ot least one location. The field data are presented, along with the data derived
from photo analysis, in the appendin. A summary of the rock type identitications from
photo analysis and ficld evaluations is shown i tabfe 3.
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TABLE 3. Origins and Compositions of the Lithologic Units in the Study Area
as Determined from Photo Analysis, with Field Names.

Identification Based

Identification Based

Rock Unit Rock Origin on Photo Analysis on Field Work

Lt Metamorphic Schist or slate Marble

1.2 Metamorphic Quartzite and schist Quartzite

L3 Metamorphic Schist and quartz Quartzite

schist

L4 Sedimentary Limestone Limestone with shale
partings

LS Sedimentary Limestone with shale Limestone and shale with
some siltstone and minor
sandstone

Lo Sedimentary Limestone Limestone, with shale,
sandstone, and conglo-
merate

1.7 Sedimentary Limestone Limestone (?)

L8 Sedimentary Limestone Limestone

LY Sedimentary Sandstone Not visited in the field

L10 Sedimentary Sandstone Sandstone

N1 Igneous Granitic* Granite

N2 Igneous Andesitic* Quartz latite/rhyolite

N3 lgneous Granitic Quarts monzonite/
quartz latite 1

N4 lgneous Andesitic or dioritic* Quartz diorite/quartz
monzonite/dacite

NS igneous Rhyolite or diorite Not visited in the ficld

No6 lgneous Granitic Not visited in the field

*Because the names of jgneous rocks, such as granite and andcesite, connote specific mincral assemblages and percentage
tanpes of mineral components, only general terms can be used to identify igneous rocks on aerial photography . The term
Ceramtic™  will be used in the sense of a light-colored, coarse-grained, silicic jgneous rock, and includes granite, grano-

dionte, quartz diorite, and monzonite.

“Andesitic™  refers to a medium composition, i.c. between silicic and mafic,
tine- to medium-grained igacous rock. The medium or intermediate raoge, therefore, includes latites, andesites, and
dacstes, but not rhyolites or basalts,

R SR
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DISCUSSION

Ihe origin of cuch lithologic unit, t.c. igneous, metamorphic, or sedimentary.
was correctly predicted in photo analysis. The rock units were casily separated into
luyered and non-layered grou s, a standard method for determining rock origin on
acrial photography. Lven though igneous and metamorphic rocks sometimes form
layered sequences (and in the ort Bliss urca metamorphic rocks do). by tar the largest
proportion of luyered rocks are sedimentary. Non-layered rocks are necessarily either
igncous or metamorphic, and in the Fort Bliss area, they are igneous. Stundard criteria.
including the irregulanty of igneous bodies, their lack of linearity. the presence of
pervasive Jointing, and curved boundaries. were used to make this determination.

4 Sedimentary Rocks @ Limited ficld work showed that the predominant rock
type was correctly identificd in photo analysis for cach sedimentary mapping unit. ‘
Limestone. the most common rock type in the study arca, was casily identificd because :
of its typival appearance on acrial photography in an and climate, i.e. sharp. narrow
ridge crests, high resistunce to crosion. angularity, and light photo tone, Criteria
- that identify limestone tormed in an arid environment are lacking, or incorrect. n
the published literature. and the criteria used here are generally unpublished. Some
of the criteria for hmestone tormed in temperate or humid regions are applicable
to those tormed in anid regions, but these are tew in number. Primarily unpublished
criteria were also used o identity sandstone. No new criteria were recognized to aid
ditterentiation among the sedimentary rocks or to ditferentiate between sedimentary

and other tvpes ot rocks.

Unless a rock type formed the major part of 4 mapping unit. it was not noted
on the photography. Such rock types included sandstone, conglomerate, and siltstone
imterbedded with limestone. These rocks are highly calearcous so they have croded
and weathered in o manner similar to soluble. carbonate rocks., The same pattern

. clements characteristic ot soluble rocks, such as pervasive jointing. angularity of out- :
Ly crop, and scalloping along bascline contours, are most prominent in the calcarcous ]
’:‘_ siltstones, sandstones, and conglomerates in interbedded sequences in the fort Bliss
. arca. The appearance ot these calcarcous rocks. at least on the 1:100.000 scale photog-

1 raply. is therefore that of Himestone, and as a result, these rocks were not identified

& in units composed primarily of limestone.
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During the tield work predictions of rock type were contirmed, and correlations

‘ between mapping units determined on the acrial photography were verified, i.e. the
rocks designated unit L4 in one location were determined to be the same as those
designated unit L4 in another. About 60 percent of the study arca has been mapped
geologically:  hence, additionyl correlations can be made using these maps.* The
correlations for the sedimentary rocks tn the study area are shown in table 4.

TABLE 4. Correlations Between Sedimentary Photo Mapping Units
and Published Geological Data.
Photo Unit Published Geological Data
\ L4 Montoya and E] Paso Limestones (Richardson)
A Montoya and ) Paso Limestones with some Hueco and
Magdelena Eimestones (Dunham)
Montoya Dolomite, Fl Paso Limestone, and Fussehiman
Dolozsite (Harbour, 1972)
13 Hueco Limestone (Richardson: Schmidt and Craddock)
= Magdelena Formation and Hueco Limestone (Harbour, 1972)
Lo Hueco Limestone, lower division (King, et al.)
Huceco Limestone (Schmidt and Craddock)
1.7 Hueco Limestone, middle division (King, et al.)
Bliss Sandstone, FI Paso and Moatoya Formations (Pray.
1961)
s NO INFORMATION
1o Magdelena Group, Yeso Formation, San Andres Formation
(Pray, 196l
. 110 NO INFORMATION
.
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A problem appears to exist with units LS, L6, and L7 on the castern side of

the study area within the Hueco Limestone on published maps. The two lower divi-
sions of the Hueco Limestone identified by King. et al. correlate with units L6 and L7
in the southern part of the study area’ No published data cxists for the area around
Campbell Tank butte where unit L5 is best exposed. so the correlation between
unit LS and the Hueco Limestone cannot be made in this arca. The Hucco Limestone
mapped by Richardson, Schmidt and Craddock. and Harbour was not subdivided.®

The rock type prediction made in phioto analysis for unit LY in the Sacramento
Mountains is incorrect. Based on application of standard photo interpretation criteria.
unit L9 was identified as sandstone. These criteria include an angular, joint-con-
trolled, coarse-textured dendritic drainage pattern: long, straight stream scgments:
deep. narrow, steep-walled canyons: broadly rounded ridge crests and spurs: moderate
resistance to crosion: and light photo tone. Pray indicates the rocks in this area incfude
interbedded shales, sandstones, and limestones, but that limestone and shale pre-
dominate.” Sandstone forms about 14 percent  of the rocks included in unit LY.
and it appears that the sandstone pattern elements obscured the limestone and shale
photo patterns to the point that the sandstone pattern predominated. This suggests
that the sandstone is not calcarcous. Further work is needed to refine or better define
criteria used to identify sandstone in an arid environment in particular, in addition
to identifyimg sedimentary rocks in interbedded sequences.

Also. 4 major problem exists in correlating the photo mapping units in the
Sacramento Mountains with the mapped geological {ormations. It is obvious from
Pray’s work that the Sacramento Mountains have been uplifted far more than had
been thought from the photo analysis.® Essentially, the Hueco Limestone, the lowest
stratigraphic unit in the southern part of the Hueco Mountains, has been uplifted
so much that it is in the middle of the stratigraphic sequence in the Sacramento Moun-
tains. The difference in elevation between these two positions is about 270 meters
(900 feet).

Sp. B King, ot al., Hucca Mountains.

0GB, Richardson,  }ranklin Mountains;  Paul Schmidt and  Campbell Craddock, Jarilla Mountains: and
R. 1. Harbour, Northern U ranklin Mountains, 1972,

7[ loyd C. Pray.  Sacramento EFscarpment. 1961,
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The arca mapped as unit L7 in the Sacramento Mountains was mapyp.  as
Bliss Sandstone, El Paso Limestone, and Montoya Limestone by Pray.? The formations
correspond to units L3 and 14 in the Franklin Mountains. Pray shows the lower
portions of unit L9 as part of the Magdelena Group (limestones). which appears
elsewhere in this study as part of unit LS. The arca designated colluvium on figure
3 (CO) is underlain by Hueco Limestone and the Abo Formation (limestone, shale,
and sandstone), and the upper portion of unit L9 is mapped by Pray as Yeso and
San Andres Formations (mainly limestones).

Igneous Rocks ® Igncous rocks were correctly identified as such in photo
analysis. Analysis was made of the photo pattern elements of igneous rocks to derive
information on composition (color/tone) and grain size. which are the basis for the
classification of igneous rocks. Standard photo interpretation criteria to identify
intrusive igneous rocks in an arid environment were successfully applied. These include
the absence of lincar patterns and regularity, the presence of jointing, and curved
boundaries. Most of the criteria used are present in the published literature, including
papers by Belcher, et al., Frost, et al.,  Lueder, and Way and in Military Geology.19
Analysis of hand specimens showed that compositions are slightly more silicic than
predicted.

Granitic rocks were all correctly identified as such on the aerial photography
using the criteria listed above. In addition, curvilinear sheeting joints and a rounded,
lumpy texture were recognized as probably indicative of granitic rocks. Curvilinear
sheeting joints, usually subparallel to the land surface. result from the release of
pressure as a result of unloading. They are common to granitic rocks and occur in only
one other type of rock. gneiss, which is distinguishable from granitic rock because
of its lower resistance to erosion in this climate: linearity: generallv darker photo
tone: and rougher. more uneven. knobby photo texture. Curvilinear sheeting joints
can be seen on vertical aerial photography on side slopes.

gl_]u,\d C. Pray. Sacramento Fscarpment. 1961,

10 dehe i
D1 Beleher, et al.. leneous and Metamorphie Rocks; Robert I, Frost, et al.. Photo Interpretation of Soils
and Rocks: 1953 Donald R, Lueder. terial Photocraphic Iterpretation; and Douglas S, Way, Terrain Analvsis.
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Where curvilinear sheeting joints and vertical joints occur together, a texture
is produced on granitic rocks that can only be described as rounded and lumpy.*
This texture is apparent on aerial photography on outcrops as well as on large bodies
of granitic rocks, where it is superposed onto the com.aon domal shape. A rounded,
lumpy texture has been observed on granitic rocks on aerial photography ranging
in scale from 1:10,000 to 1:120, 000. It is also apparent in the field at all scales
in semi-arid and arid environments. If the vertical joints are very closely spaced, grani-
tic outcrop will appear blocky on the aerial photography; but when viewed closely
in stereo. the blockiness is found to be rounded, rather than angular (sce figures
3.4, 10. 11, 12, and 14). More observations are required to determine whether
this texture is characteristic of granitic rocks in all climates.

Previous research by Frost: Frost. et al.; and Leuder, among others, has stated
that the identification of the intermediate composition and grain size igneous rocks
is very difficult on acrial photography. and this statement is partially confirmed in
this study.!! In their classifications of igneous rocks as applied to aerial photography.
most authors, including Belcher, et al.: Frost, et al.; Military Geology; Avery; von
Bandat. and Way discuss only compositional extremes, basalts, granites, and occa-
sionally the fragmental  (pyroclastic)  rocks.'? The basis for these classifications
is that the rocks with simifar grain sizes will appear similar on aerial photography.
but other directly observable characteristics, photo tone in particular, readily enable
identification of at least three groups of igneous rocks on aerial photography — dark-
toned  (mafic composition), medium-toned  (intermediate composition), and light-
toned (silicic composition). If the end members can be identified. the intermediate
members. i.c. those lett over, should at least be included in a separate group.

Igncous rocks with intermediate compositions were identified as such on the
acrigl photography. but predictions of grain size, based on analysis of photo texture
(the way the rock material looks on the stereo aerial photo) were not always correct.
Intermediate composition was correlated to medium photo tone. New criteria to
identify the fine-grained. intermediate composition (andesitic) igneous rocks on aerial
photography include long. smooth slopes: blocky peaks: vertical jointing: a medium
to dark gray photo toae: and a rough, blocky phote texture.

. . . .
Other rock types, such as sandstone, conglomerate, and gaeiss, also appear rounded, but in these instances, the
rounding is due to weathering and not to jointing. Their textures are uteven and knobby, not lumpy.

”Rubcn 1. Frost,  Fvaluation of Soils and Permafrost Conditions. 1950; Robert E. Frost, e1al.; Photo Inter-
pretation of Soils and Rocks. 1953 and Donald R. Lueder, Aerial Photographic Interpretation.

U2y, ). Belcher. ef al., Igneous and Metamorphic Rocks: Robert VL Frost, Photo laterpretation of Soils and
Rocks. 1953 Military Geology, Fugene T, Avery, laterpretation of Acrial Photography, Horst . von Bandat,
Acrogeology. and Douglas S. Way, Terrain Analvsis.
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The intermediate composition rocks in the study area include units N2 and
Nd. No problems were encountered with unit N2, but rock type identification in
unit N4 was partially incorrect in the Organ Mountains. Unit N4 was identified
in photo analysis as andesitic or dioritic, i.e. intermediate composition and fine to
medium grained. Dunham shows that the northeast arca of unit N4 is a medium-
grained quartz monzonite, and the southwest area is a porphyritic rhyolite, similar in
description to unit N2 in the Franklin Mouniains.! 3 Compositional and grain-size
predictions were basically correct for the southwest part of unit N4 in the Organ
Mountains. but were incorrect for the northeast part.

Metamorphic Rocks ® The metamorphic rocks in the study area pose
different problem than cither the igneous or sedimentary rocks. Their classification
and nomenclature are based on their chemistry rather than on a combination of
chemical and physical properties: thus, they are very difticult to identify in a hand
specimen. much less on 1:100.000  scale aerial photography. In most cuases. meta-
morphic rocks can only be correctly identified under a petrographic microscope.
Sedimentary rocks. for example, are classified by grain size: a clastic rock with sand-
sized particles is a sandstone, regardless of the composition of the individual grains.
The grain size of a metamorphic rock. on the other hand, has nothing to do with its
classification, which is dependent on the temperature and pressure regime in which the
rock was formed. A low-grade metamorphic rock formed from a sedimentary rock such
as shale, tor examiple, would contain quartz, muscovite, chlorite. albite, epidote. and
tourmaline. When subjected to more heat and pressure. chlorite and tourmaline dis-
appear because they become unstable and are replaced by biotite, which is stable under
the new pressure temperature conditions. Because of this compositional complexity .
metatmorphic rocks are uswally ignored in discussions of rock type identification
criteria on acrial photography, or are treated structurally/texturally, e as gneissic,
schistose, or slaty. A systematic approach leading to the identification of metamorphic
rocks by composition rather than by texture;structure has not as yet been developed.
All metamorphic rocks in the study arca, however, were correctly identified as meta-
morphic in photo analysis. This was done by a process ot elimination rather than on
the basis of inherent characteristics or photo patterns ol the particular rock. The
combmation of the vanous characteristics of cach of the metamorphic rock units did
not correlate with the characteristic patterns of any igneous or sedimentary rock. so
units L1, L2, and L3 were assumed to be metamorphic.

”ng\'lu) C. Dunham. Orean Mountains
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Some general characteristics, not specific identification criteria, were used to
interpret metamorphic rocks correctly on acrial photography. Two such characteristics
are metamorphic grade and occurrence. Metamorphic grade can be determined by
evaluating the resistance of a rock to erosion; the higher the grade, the denser and
harder the rock and the more resistant it is to crosion. High-grade rocks, those highly
resistant to crosion: include quartzite, amphibolite, and granulite. Low-grade rocks,
those less resistant to erosion, include some greenschists, phyllite, and horntels.

The way a metamorphic rock oceurs can also provide clues to rock type. Meta-
morphic rocks occur cither locally or in regional terrains, and the types of rocks in
cach occurreuce can differ. Those that occur locally include eclogites, blueschists,
and serpentinite, and those that occur in regional terrains include greenschist, amphi-
bolite, and granulite. Some rocks. such as greenschist, marble, and quartzite, can occur
in cither way. However, if the interpreter can determine the type of occurrence, he
can signiticantly reduce the number of possible rock types with which he has to deal.

Published identification criteria did not serve as an aid in identifying meta-
morphic rock units in the study area. According to the criteria listed in table 1, L1,
L2, and L3 correlate most closely with a schist, which is what thev were predicted to
be. The correlations are very poor, however, and based purcly on published criteria,
one would have to consider these rock units sedimentary. The published critenia for
marble were useless because they dre so tew. As a result of photo analysis of unit
L1 at Fort Bliss, several criteriv were identitied that can aid in identifying marble
in the future. These are smooth ridge crests and the fine. smooth photo texture. There
are no published criteria tor quartzite. which comprises units L2 and L3. Re-evalu-
ating the photography after completing the ficld work, however, has suggested several
criteria that can be tested in future work. These criteria include a high degree of
resistance to crosion: high reliet: moderate jointing: <lightly rounded ridge crests:
an angular drainage pattern: steep=sided gullics: and a medium-to-coarse, rough and
uncven, photo texture.

The metamorphic rocks in the Franktin Mountains are local in occurrence and
result from contact metamorphisin. This was not recognized. however, until the rocks
were tield checked. <o units LI L2, and L3 were identified as among those rocks
that occur in regional terrains. They were also identitied by structure/texture rather
than by rock type tcomposition), Relative metamorphic grade. however, was correctly
mterpreted on the photography.
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The metamorphic rocks in the Franklin Mountains are local in occurrence and
result from contact metamorphism. This was not recognized, however, until the rocks
were field checked, so units L1, L2, and L3 were identificd as among those rocks
that occur in regional terrains. They were also identified by structure/texture rather
than by rock type (composition). Relative metamorphic grade, however, was correctly
interpreted on the photography.

TABLE 5. Correlations Between Metamorphic Photo Mapping Units
and Published Geological Data.

Photo Unit Published Geological Data

Lt Lanoria Quartzite (Richardson)
Castner Limestone and Lanoria Quartzite (Harbour, 1960)

L2 Lanoria Quartzite (Richardson; Harbour, 1960)

L3 Bliss Sandstone (Richardson)
Bliss Sandstone and El Paso Limestone (Harbour, 1960)

In table S, the correlations between photo-identified metamorphic rock units
and lithologic identifications from the published literature, are shown. As noted above,
units L2 and L3 were determined to be quartzite as a result of field work, and the
only discrepancy in table 5 concerns unit L1, The rock unit was incorrectly identified
on the acrial photography as schist: whereas field work suggested it was marble. How-
cver. Harbour's detailed mapping of this part of the Franklin Mountains shows that
marble is present only in isolated blocks: the majority of unit L1 is quartzite.!4 The

only outcrops in unit L1 visited in the field just happened to be within the arcas of

marble. The arcas Harbour designated as marble (Castner Limestone) were noted as
difterent on the acrial photography, but they were thought fo result from a change in
crosion pattern on steeper slopes rather than {rom a change in rock type.

4y { e bour, Frooambram Rocks, 196t
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CONCLUSIONS

1. In the published literature, claims are made that of the igneous rocks, only
granite and basalt can be identitied on acrial photography. i.e. that one cannot identify
rocks of intermediate composition. The results of this research show that

{a3) Although published criteria for granite were found to be valid, newly
developed criteria were verified that are even more useful.

(b) Intermediate composition rocks can be identificd on aerial photo-
graphy. Descriptions of these rocks are provided and can form the
basis for developing identification criteria.

(c) To date. there is no comprehensive classification scheme for identify-
ing igneous rocks on aerial photography.

In this report, it is suggested that such a classification scheme. based on airphoto
patterns, can be developed tor the full range of igneous rocks.

2. In this study, it is stated that the existing criteria for metamorphic rocks are
too peneral and that they do not appear to be applicable in arid regions. A basis,
depending on type of occurrence and metamorphic grade. was laid for the development
of criteria for metamorphic rocks in this environment.

3. These results are applicable to

{ay Manual techniques of feature extraction for developing digital data
bases, such as those required bv the  Defense Mapping Agency
(DLMS. TTADB).

thy  Terrain analysis.

te)y  The selection of engineering sites. the location of mineral resources,
and the location ot engineering materials.
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APPENDIX

PREDICTIONS OF LITHOLOGIC TYPES

Layered Rocks @ Unit L1 is located on the cast side of the Franklin Moun-
tains along the Transmountain Highway (figures 2. 3. and 4). The photo pattern
clements defining unit L1 are shown in table 2. Fuint layering suggests that unit L1
s sedimentary rock. The ridge crests are most like limestone ridge crests. but the
photo tone is too dark for limestone in this climate (table 1), In addition, difterences
i hardness, which are characteristic of limestone sequences, dare not apparent on the
ridge slopes and spurs, Unit L1 has none of the characteristics of layered igneous rock
(flow material) cither  (table 1), The alternative is that unit L1 is & metamorphic
rock. probably a low-grade schist or a slate. The lavening suggests unit L1 was orig-
inally sedimentary.

Field observations show that unit LU is a marble. rather than a schist. It con-
sists of alternating bands of recrystallized reddish-tun calaite crystals and pinkish-
or greenish-gray bands  (tigure ). The layers are very thin. ranging from less than
1 millimeter up to 25 millimeters i thickness, The darker iavers are probably dolo-
mitic in composition because they effervesce very stowly i diliiw hiydrochloric acid.
Large reddish-brown idocrase porphyroblasts are associated with the dolomitic layers.

FIGURE 5. Close-up of the Marble Forming Unit L1.
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Unit L2 is located in the central part of the Franklin Mountains, stratigraph-
ically above unit L1 (figures 2. 3. and 4). The photo pattern elements of unit
; L2 arc shown in table 2. Sedimentary characteristics, such as layering, are stronger
in unit L2 than in unit LI, butit L1 is metamorphic and if the two units are
conformable, which they appear to be, then unit L2 is probably metamorphic also.
The prominence of layering can be explained by a sedimentary origin. Unit L2 is
higher in metamorphic grade than unit L1 because it is more resistant to erosion.
Higher grade rocks, such as gneiss, are wvsually regional in occurrence, not local, and
it is highly unlikely that a gneiss would directly overlay a lower grade schist. The light-
toned resistant layers may be quartzite, and the less resistant, darker toned layers.
similar in appearence to unit L1, are probably low-to-medium grade schist like unit
L1

Unit L2 was ficld checked just north of the Transmountain Highway (figure 6).
[t is quartzite. and ranges in color from light to dark gray. The medium-toned, darker
gray layer, thouglit to be schist on the aerial photography. is a darker gray quartzite
with occasional black stringers of very fine grained material. The quartzite dips 35°W.

I - . :
» FIGURE 6. Quartzites of Unit L2. Just North of the Transmountain Highway.
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Unit L3 occurs in the northern and central Franklin Mountains (figures 2, 3,
and 4). In the northern Franklin Mountains, it overlies unit N1 and along the Trans-
mountain Highway, it overlies unit N2. It always immediately underlies unit L4,
On the photography. the contacts between units N1 and L3 and between units N2
and L3 appear to be uncontformities — they are irregularly curved. In one location,
unit L3 overlies unit N2, indicating it is younger than L2. Unit L3, described in
table 2. is probably metamorphic like units L1 and L2. The lighter toned layers
of unit L3 do not appear to be as resistant as their counterparts in unit L2, so they
are probably a competent schist. perhaps a quartz schist, rather than quartzite. The
darker toned layers are probably a low-to-medium-grade schist like their counter-
parts in unit L2,

Field investigations show that unit L3 is a pink or reddish quartzite. The
darker toned layers identified as schist on the photos arc the darker, reddish quartzite.
Unit L3 is much more extensive than determined in photo analysis, extending from
the Transmountain Highway area, south to the tip of the Franklin Mountains. Dips
at the southern exposures were about 20°W.

Unit L4 is located in the northern and southern Franklin Mountains, on Bishop
Cap, and in the southeastern leg of the Organ Mountains (figures 2. 3, and 4).
There is no question that it is sedimentary in origin (table 2). Layering is very pro-
minent, and the continuity of the layering is maintained over a large area. The sharp
ridge crests, lignt photo tone, and high resistance to erosion are characteristic of
limestonc in an arid region (table 1). The less resistant, darker toned layers may also be
limestone, because they are not soft enough to be shale and they are not rounded like
sandstone.

Ficld observations show that unit L4 s limestone. as predicted in photo ana-
lysis. with some shale partings in the southern exposures (figure 7). Dips at the
southern exposures ranged between  33° and 36°W. but along the Transmountain
Highway. dips were over S0°W.

Unit L5 occurs as a relatively continuous unit between McGregor Range Camp
and Route 506 in the Hueco Mountains and in the northern Franklin Mountains.
It forms part of Bishop Cap, and also occurs as inselbergs of varying size surrounding
the Jarilla Mountains and in the Hueco Mountains (figures 2, 3, 4, and 8). Unit
LS is the lowest stratigraphic unit on the eastern side of the study area, and the
highest unit on the western side. The photo pattern clements of unit LS aic shown
in table 2. In addition to the stratigraphic position of unit LS (above unii ! 43},
favering, lincar boundaries that parallel unit L4, and stair-step topograph suggest
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it is sedimentary rock (figure 9). Rills on the darker toned layers, indicative of a ;
high clay content, and the smooth, fine, photo texture suggest that they are shale. The

light photo tone, angularity, and ridge-capping characteristics of the lighter toned

layers suggest they are limestone.
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FIGURE 7. Unit L4 at the Southern End of the Franklin Mountains.

Unit LS occurs us a relatively continuous unit between McGregor Range Camp

S and Route 506 in the Hucco Mountains and in the northern Franklin Mountains.
’ It forms part ot Bishop Cap. and also occurs as inselbergs of varying size surrounding
the Jarilla Mountains and in the Hueco Mountains (figures 2, 3, 4, and 8). Unit

LS is the lowest stratigraphic unit on the castern side of the study arca. and the

highest unit on the western side. The phpto pattern ¢lements of unit LS are shown
_' in table 2. In addition to the stratigraphic position of unit LS (above unit L4).
3 layering, lincar boundaries that parallel unit L4, and stairstep topography. suggest
’ it is sedimentary rock (figure 93 Rills on the darker toned layers. indicative of a
4 high clay content, and the smooth. fine, photo texture succest that are shale. The light
photo tone. angularity. and ridge-capping characteristics of the lighter-toned layers
suggest they are limestone.
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FIGURE 8. Stair-Step Topography in Unit L5 Near Charley
Tank in the Hueco Mountains.

All myjor exposures of unit LS on the castern side of the study area were
visited in the field. L3 consists of limestone and shale. as predicted from photo
analvsis. Dips on the limestone beds range from 5° to 9°E. Limestone outcrops.
rangtng in color from medium to dark gray, are common, and much of the limestone
is tossiliferous. Red and green shale particles were found about 0.3 ineter below the
soif surtface and in small gulleyvs along the roadsides. A reddish sandstone was found
in one location near Campbell Tank. Highly calcarcous cream-or butt-colored silt-
stone and sandy siltstone were commonly found in this sequence in association with
the shales. The marked stair-step topography so visible in the aerial photography
was surprisingly subtie when viewed on the ground, and the sharply-defined layering
on the photography was indistinet when viewed on the ground (figure 9). Shale and
siltstone tormed the grass-covered stair treads, and limestone tormed the shrub-covered
risers.

Unit Lo s the fargest mapping unit in the study arca, forming a continuous
exposure trom the southern boundary to near Borrego Tank in the Hueco Mountains.
It torms a series of inselbergs from Campbell Tank northwest almost to Route 54
arnd atong the tan/mountain boundary north of Borrego Tank (figures 2. 30 and 10).

L6 also occurs in the extreme northern and southern parts ot the Otero Mesa and in

the Jarilla Mountains,
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Scale: Reduced trom 1:50,000 to 1:59.000

4 FIGURE 9. Units LS and L8 Near Campbell Tank.

44

s AT T TRY . VD -« SO swnr5. | RN P O Ry 3 ¥

:
4

R T




v

-

The stratigraphic relationships, together with the continuity and extent of
layering in unit L6 on the aerial photography. indicate that it is a sedimentary rock.
Unit L6 consists of two parts as viewed on the 1:50,000 scale photography: the
upper part is medium to dark gray in photo tone (L61). and the lower part is marked
by a very light toned layer that produces a swirled pattern (L62) and as a result,
is more striking (figure 10). None of the more obvious characteristics of either sand-
stone or shale is present. The prominence of the ridge crests and the high degree of
resistance to crosion suggest that both parts of unit L6 are limestone (table 2).

Field observations show that unit L6 not only contains large amounts of lime-
stone, but also numerous sandstone and siltstone beds, along with some shale and
conglomerate. The limestone normally ranges from light to very dark gray: cream-
colored and fusilinid-rich purple limestones were also encountered. The very light
toned layers, so prominent on the acrial photography, are calcareous sandstone (L62,
figure 10). The sandstone can be separated from the limestone in the same area on
the ground. even though similar in color, because of the rounded appearance of the
sandstone beds. which contrasts with the more angular limestone exposures. The
swirled pattern of these sandstone beds is the result of erosional processes. Dips on the
limestones were 20°L in Pow Wow Canyon, along Highway 180/62. and 6°F near
Hackberry Tuank.

Unit L7 is located on the lower slopes of the Sacramento Mountains, along
the Otero Mesa escarpment in both north and south. in the southern part of the
Hueco Mountains as tur north as Borrego Tank. and on the southern part of the Otero
Mesa  ifigures 2. 3. and 10). The most continuous exposures of unit L7 are in
the Hueco Mountains. The stratigraphic position and continuous layering of unit L7
stuggest it is sedimentary in origin. There are no characteristics suggesting that it is
composcd of cither sandstone or shale or that cither rock type is present in an inter-
bedded sequence (table 1), Theretore, unit L7 s probably limestone.

Unit 17 was not visited in the field, but one area designated unit L6 on the
photography that was visited in the field is probably part of unit L7. In the upper
parts of Hay Mecadow Canyon, layering is indistinct with the beds outcropping as
flat ledges. which is more characteristic of unit L7 than of unit L6. The hills are
rounded, and they are relatively low in height. also more characteristic of unit L7.
The limestone bedrock is sparse in comparison to other arcas designated unit L6
and visited in the field. Dips in this area range from 2° to 7°L.
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Unit L8 forms the Otero Mesa and the buttes between Ivan Grey and Broyle
Tanks below the Otero Mesa escarpment (figures 2, 3, 8, 10, and 11). Table 2
shows the photo pattern elements of unit L8. The stratigraphic position of unit L8
above unit L7 suggests it is also composed of sedimentary rock, as does the presence
of layering, although faint or subtle in the photos. Discontinuous drainage, gulley
cross sections, and sinkholes suggest it is soluble and relatively flat-lying. It is there-
fore probably limestone. Several areas on the Otero Mesa were visited in the field,
as was Campbell Tank butte; the bedrock was medium gray limestone.

Scale: Approximately 1:100,000

FIGURE 11. Units LS, L8, and L10 along the Northern
Otero Mesa Escarpment.

Unit L9 occurs only in the Sacramento Mountains (figures 2, 3, and [2).
Photo characteristics of unit L9 are shown in table 2. The stratigraphy and layering
suggest that unit L9 is sedimentary rock. and there are no indications on the photog-
raphy that it is cither igneous or metamorphic (table 1). The coarse drainage pattern
suggests it is formed of permeable materials such as sandstone. The broad, rounded
ridges and spurs are typical of sandstone in an arid climate, as is the angular drainage
pattern, which suggests joint control. Unit L9 is probably sandstone. L9 was not
visited in the field because of difficult access.
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Scale:  Appronimately 1:100.000
FIGURE 12, Unit 19 in the Sacramento Mountains
Uit 11O extends south from Route 506 to just - i Hay Meadow Tank
thegures 20 30 and 1. It forms a narrow, discontinuou- “along the base of the
Otero Mesa escarpiment. exeept south of Hay Mcadow lans . re st torms a bench. @ }
s In table 20 the photo patterns of unit L10 are shown tesencee of layering. )
: although mdistinet, indicates 110 is a sedimentary rock anded contours of
s the outerop suggest 1t s less resistant to erosion than the s <ot units LS. Lo.
e and 170 Teas not as soft and casily eroded as shale at tom, it knobs), and it
' does not have the very dense dendritic drainage pattern char ot shale in this
o chmate (table 1), These photo pattern clements suggest vhably sandstone.
:
X ]
2 Umit 110 clearly underlies units L7 and LR, and pr overhies unit Lo, .
: R In ~some places. however. it appears 1o overlay unit LS, bue wers, 1t appears to :
’; underhe vmit 1S Its anomolous position in these locatno robably the result
of taulting '3
.
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Unit L10 was visited in the field at the southern end of its exposure in Martin
Canyon. The rock ranges from a friable, bright red to red-orange sandstone to a highly
indurated purple-red sandstone. The dip of the darker rock is 28°W and that of the
brighter rock is between 8° and 10°E. The dip reversal is probably due to faulting.
Unlike other sandstones in the Fort Bliss area, unit L10 is not calcareous. Unit L10
was also found in the Otero Mesa escarpment.

Non-Layered Rocks ® Unit N1 forms most of the Jarilla Mountains and
is present on the lower slopes in the northern and eastern Organ Mountains and in the
castern Franklin Mountains  (figures 2, 3. and 4). The photo pattern elements of
unit N1 are shown in table 2. The absence of linear and regular pattern features,
the rugged topography. and the curvilinear upper boundaries in the Franklin Mountains
suggest unit - N1 is igneous rather than metamorphic in origin. The lumpy photo
texture suggests unit - NI is coarse grained, and the light photo tone suggests it is
silicic m composition. These are characteristics of granitic rock, as are the curvilinear
sheeting joints. so unit N1 is most likely granitic in composition,

Unit N1 is the fowest unit wherever it occurs, except in the Jarilla Mountains.
In the central part of the Franklin Mountains, it underlies unit  Li: but clsewhere in
the Franklin Mountains, it underlies unit L3, The curvilinear boundaries between
N1 and these layered units are roughly parailel to the boundaries between the fayered
units. The curved boundaries suggest the contact is an intrusive contact. rather than
a fault contact. An intrusion would have contact metamorphaosed the rock units above
amnd below it. which would account for the low grade of the metamorphic rock units
L.t and L2, The boundaries between N1 and other units eisewhere in the study
arca are also curved. which suggests N1 s intrusive throughout the study area. Ad-
ditional evidence of the intrusive nature ot unit N1 is present in the Jarilla Mountains;
the blocks of sedimentary rock surrounding the mountain range consistently dip away
from it. indicating a dome shape. Contact metamorphism probably occurs atong all
contacts with unit N1,

Unit NI was ficld checked along the Transmountain Highway in the Franklin
Mountains  (figure  13). It is a granitic rock, as predicted, and is probably a true
granite ~ it contains quartz and both feldspars. Fresh rock surfaces are buft or cream-
colored. In sonwe places. there s o laint desert varnish, Blocks of unit L1 are present
within NI in this location. mdicating N1 was intruded into unit L1, A sccond.
darker colored, coarse-grained rock that contains more plagioclase feldspar is located
upstope from the granite. 1tis probably a quartz diorite or diorite sill.
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FIGURE 13. Knob ot Unit N1 along the Transmountain Highway
in the Franklin Mountains.

Unit N1 was also field checked in the Jarilla Mountains. where it is a medium-
to coarse-grained rock, probably a monzonite (figure 14). Quartz is absent, and
both plagioclase and potassium feldspars are present, along with hornblende. A large
amount of hydrothermal alteration was found in association with ironstones and flow-
banded rhvolite along the borders of the intrusion in one location, Some highly altered

granitic tloat was also found in this arca.

Unit N2 forms a scries of peaks along the crest of the Franklin Mountains,
e the central, highest part, overlying unit L2 (figures 2. 3, and 4). It breaks the
horizontal continuity of the layering in unit L4, suggesting it is igneous rather than
metamorphic in origin. The blocky textured outerop suggests unit N2 is fine to
medium grained. The dark photo tone suggests it is intermediate in composition,
SO it is probably andesitic  (table 2). Unit N2 probably contacts metamorphosed
the sedimentary units above and below it. which accournts for the higher metamorphic

arade inunit L2, compared to units L1 and L3,

g




FIGURE 14, Aerial Oblique View of Unit N1 in the Jarilta Mountains.

Unit N2 was field checked in several locations along the Transmountain High-
way  ifigure  15).  In hand specimen, the matrix of the rock is tine grained. as pro-
dicted, und dark in color, ranging from reddish, purplish, and brown to almost black.
Quarts and potassium feldspar phenocrysts indicate the rock is more silicic than
predicted in photo analysis. but it appears to be within the intermediate range pre-
dicted. The rock is probably a quartz fatite or a rhyolite.

-‘&..-r 'f,a,‘ o
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FIGURE 15. Stereo Pair of Unit N2 North of the Transmountain Highway.
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Uit N3 s asmall unit in arcal extent. torming Hueco Tanks and the southeast
part ol the Organ Mountains  (figures 2.0 3, and lo). Generally light photo tone,
curvilinear sticetig joints. and the rounded. lumpy texture of some of the outcrops
suggest umt N3 s granitic in compasition  (table 2). Hueco Tanks was visited in the
fickd. and based on hand specimen analysis, the rock appears to be either a quartz
monzonite or a quartz diorite  (figure 17). The rock is probably granitic in the Qrgan
Mountiins as welll The boundaries of unit N3 in the Organ Mountains are quite
straight. suggesting it was uplifted along faults to its present position (figures 3
and 1o).

Scale: Approxunately 1:100.000 * i

FIGURE 16. Units N3. N4, NS, and No !
in the Organ Mountains.
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FIGURE 17. Unit N3 at Hueco Tanks.

Unit N4 is the most extensive non-lavered rock unit in the study area. It
oceurs as nselbergs around the Jarilla and Franklin Mountains: as isolated bodies
within the sedimentary units in the southern Hueco Mountains (Cerro Alto and Red
Hilh:  and as large arcas in the Jarilla Mountains and in the southwestern and north-
castern parts of the Organ Mountains  (figures 2. 3. and 16). The prevalence of
vertical jointing, the medium photo tone. and the rough. blocky photo texture (table
2y suggest that unit N4 s fine-to medium-grained. intermediate composition igneous
rock. probably cither andesitic or dioritic.

Although Umit N4 was not ficld checked. samples were collected 1rom Red
Hill and Cerro Alto in 1978 The rock is light gray. One sample has a fine-grained
matrin with hornblende phenocrysts, along with some quartz. so it is probably a
dacite. Others are comparable in composition, but are medium to couarse grained.
prohably quarts diorites or quartz monzonites. An exposure of unit N4 in the Jarilla
Maountains is shown in figure 18,

~

Unit NS occurs only in the Organ Mountains (figures 20 3. and 10). The

-

photo pattern clements of this unit are shown in table 2. The light photo tone indi-
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3 FIGURE 18. Unit N4 in the Jarilla Mountains.

cates it is silicic in composition. and the blocky textured outcrops and fine-textured
slopes suggest it is fine to medium grained, Unit N5 is probably a thyolite or diorite.
Unit NS wus not tield checked because entry into the Organ Mountains is prohibited.

Unit NG forms the northern part of the Organ Mountains. the highest clevations

in the study area (figures 2. 3. and 16). The photo pattern clements of unit N6 are
shown in table 2. The light photo tone. the curvilinear sheeting joints. and the pre-

sence of spires suggest it is granitic in composition. Unit NO  was not visited in the
tficld because of restricted entry.,
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